INTRODUCTION
Celiac disease (CD) is an immune-based, chronic inflammatory disorder of the small bowel mucosa, which occurs in genetically predisposed individuals precipitated by the ingestion of gluten, the major storage protein of wheat and similar grains (1) .
Characteristic -although not specific-intestinal villous atrophy leads to the development of malabsorption of nutrients that varies depending of the affected segments. Clinical manifestations are diverse and often so subtle such as iron deficiency anaemia or metabolic bone disease (2) ; however it should be considered that CD is associated to an increase mortality with respect to healthy population (3), mainly related to a higher risk of development of enteropathy-associated T cell lymphoma in patients with long-standing, undertreated disease. The gluten free diet all lifelong has shown to be the unique and effective treatment for both clinically and histological improvement, in addition of reducing morbidity and mortality (4) .
Therefore, a prompt and accurate diagnosis is desirable in order to achieve disease remission and to decrease the risk of complications.
In recent years it has been demonstrated that CD is more prevalent that it was originally though, affecting up to 1% of population in western countries (5) .
Nevertheless, its reported prevalence varies depending, most importantly, on the diagnostic methods and criteria used to estimate it. This fact reflects not only the pitfalls of CD diagnosis nowadays, but also the wide spectrum of clinical manifestations of the disease, previously outlined: from asymptomatic patients diagnosed in a screening program for high-risk individuals, to patients with severe diarrhoea and malabsorption diagnosed in the early childhood (6, 7) . Therefore, it is important to advance knowledge of new tools to improve diagnosis of this disorder. In this sense, published data suggests that detection of at-risk HLA haplotypes could have a good effectiveness for the CD screening, especially due to its high negative predicted value (8) . The pivotal role of certain HLA haplotypes in CD pathogenesis has been well characterized during the last decade, and the presence of specific HLA haplotypes -HLA-DQ2 and DQ8-seems to be necessary, although not sufficient, for the development of CD (9) . HLA-DQ2 (mainly encoded by the allelic combination of DQA1*0501/DQB1*0201) and HLA-DQ8 (encoded by the allelic combination of DQA1*0301/DQB1*0302) heterodimers are present, respectively, in 90-95% and 5-10% of the patients affected with CD (10, 11) . Therefore, CD diagnosis seems to be very unlikely in the absence of such alleles.
There is not a test to make the definitive diagnosis of CD, neither to exclude this illness; although intestinal biopsy is recognized as the gold standard, its results are different depending on the severity of the disease and the ability of the pathologist.
Serologic tests have a high specificity and sensitivity but can oscillate in cases with mild intestinal damage and with the gluten intake (12, 13) . Moreover, serology seems to have lower sensitivity and specificity in adults (14) . In 2004, National Institute of Health (NIH) published a systematic review about diagnosis and treatment of this illness (5); conclusions about application of determination of HLA-DQ2 and HLA-DQ8 as screening of CD were not specified. More recently, the American College of Gastroenterology published their clinical guidelines on the diagnosis and management of adulthood CD (15) , recommending that HLA testing should not be used routinely in the initial diagnosis of the disorder, but it might be used to effectively rule it out in selected scenarios such as seronegative disease, cases with discrepant serology and histology, or evaluation of patients already on gluten-free diet. The aim of this study is to assess the accuracy of the determination of the presence of HLA-DQ2 and HLA-DQ8 as the first step in diagnosis of CD. July the first. Inclusion criteria were: Any article in people both sex, any age and race, and which allowed to construct a two by two table, extracting true positive, false positive, true negative and false negative values of HLA-DQ2 and/or HLA-DQ8 analysis as first step, or simultaneously with serology and regardless of serology result, for the diagnosis of CD from each study. We excluded duplicate articles, letters to the editor, editorials, case series, narrative reviews, systematic reviews and meta-analyses, besides those not related with the object of our study, after title and/or abstract reading. Moreover, studies were not included in case of the absence of intestinal biopsy for all the subjects. According to these criteria, two independent reviewers, reaching a consensus when discrepancies appear, did identification and selection of the studies. The selection process was documented according to PRISMA criteria (16) .
METHODS

Study identification and selection
Study quality
Study quality was assessed using QUADAS (Quality Assessment of Studies of Diagnostic Accuracy included in Systematic Reviews) checklist (17) . It has 14 questions -each of them answered as "yes", "no" or "unclear"-evaluated separately, without summary score because of its difficult interpretation and moreover, because it would mean the loosing of information from each of them separately. Items try to show if patients of the study are representative of those to receive the test in practice, the accuracy and consistency of reference standard, the appropriateness of time between standard and the evaluated test, the interpretation of results, the explanation of withdrawals, and the synthesis and analysis of data in the selected studies. Both reviewers, reaching a consensus when discrepancies appeared, also made this assessment.
Data extraction
After a critical reading, according to the inclusion criteria, the following variables were extracted: Author, publication year, publication country, population characteristics, type of the study, prevalence (pre-test probability), recommendations about applications of the HLA tests; true positive, false positive, true negative and false negative values (input variables) to calculate our output variables. We contacted with the authors to get full data in case it needed. The same two independent reviewers, reaching a consensus when discrepancies appeared, also did data abstraction. For 6 further relevant studies we checked the reference list of identified trials.
Data synthesis
We calculated the sensitivity, specificity, positive and negative likelihood ratios (LRs) (output variables), and their corresponding 95% confidence intervals (95% CIs) for each study. LRs express how many times more likely a given test result would be expected in a patient with the disease, than in another without the target disease. LRs were used to estimate the post-test probability for the disease, so that can help in selecting the clinical usefulness of this diagnostic test. We can take positive LRs > 10 and negative LRs < 0.1 as providing convincing diagnostic evidence, while values > 5 and < 0.2 respectively as supporting moderate diagnostic evidence (18) . To calculate LRs, if the event of one of the cells of the cross table contained a zero value; 0.5 points were added to all the cells. The heterogeneity of all indexes was statistically evaluated through a homogeneity test based on the  2 test (p value ≥ 0.1). The I 2 statistic was used to estimate the impact of heterogeneity on the results. In case of heterogeneity, subanalysis was conducted, depending on the population included in the study and its pre-test probability of suffering from CD. Sensitivities, specificities, and LRs of the individual studies were combined to assess their pooled indexes performing their corresponding meta-analyses, using a random effects model (DerSimonian and Laird).
The analyses were carried out using the statistical software Meta-DiSc (version 1.4).
RESULTS
Study identification and selection
Based on described search strategy, 967 articles were initially identified. Figure 1 shows the flowchart with the results of the search and how studies were excluded till get the 6 studies included in the final analysis. Briefly, articles were screened at different steps, starting with the most sensitive strategy, and progressively increasing specificity in order to minimize relevant looses: First, and after screening studies following search strategy and limits, we excluded duplicate articles, letters to the editor, editorials, case series, narrative reviews, systematic reviews and meta-analyses, besides those not related with the object of our study, after title and/or abstract reading (n = 853). Secondly, and after full-text review, including references, other studies were excluded: Those without information about HLA analysis in CD, or that studied other genes (n = 31). Finally, potentially appropriated studies were not included because the absence of intestinal biopsy for all the subjects, the use of HLA DQ not as first step for CD diagnosis, or because they did not allowed us to calculate our output variables (n = 77).
Data extraction and description of the included studies
In the final selection, a total of 1303 individuals were included in those selected articles, which used the typing of HLA-DQ2 or HLA-DQ8 haplotypes for the evaluation of CD as first step or regardless serology results, and containing information for calculating output variables (8, (19) (20) (21) (22) (23) . Table I summarizes these 6 cross-sectional studies; all of them were focused on European populations, being three of them carried out in Spain.
Qualitative analysis of included studies
Methodological quality of the included studies was evaluated through the QUADAS scale (Table II) . The articles, all of them high quality cross-sectional studies, correspond to III evidence level and to B recommendation rank according to the Oxford Centre for Evidence-Based Medicine.
Quantitative analysis of output variables
In table III, we show the output variables that were obtained as a result of the data extraction from the included studies in this review. All of them had a very high negative predictive value, while positive predictive values were low and variable among them. Figure 2A reflects the high sensitivity (near 100%) that the test showed in all the articles. Specificity analysis revealed significant heterogeneity (p < 0.001; I 2 95.0%) (Fig. 2B) ; this fact led us to perform a subgroup analysis (see below). Regarding to negative LR, its values were homogenous (Fig. 2C) , and very near to 0 in all the included studies. Its mean value of 0.05 (95% CI: 0.03-0.09) indicates that the probability of a negative result in a person without CD is 20 times higher than in a patient with the disease (Fig. 2C) .
Subanalysis: Specificity and positive LR analysis
Taking into account the heterogeneity of the studies about their specificity and positive LR, a subanalysis was performed according the population included in each study and the estimated prevalence of CD in it. The studies of Hadithi et al. (8) 
DISCUSSION
Diagnosis of CD, especially in adult patients, still represents a challenge for clinicians. In adults, serology accuracy seems to be significantly lower than in children, a fact that may be related to the higher proportion of cases with lesser degrees of villous atrophy (13, 24) . The low sensitivity of serologic testing in patients with atypical clinical picture and less histologically severe forms of the disease makes mandatory the search of new diagnostic tools. The results reported herein suggest that HLA-DQ2/DQ8 typing would be an appropriate test for ruling out CD, both in the general population and in high-risk groups, due to its excellent sensitivity (near 100%) and low negative LR, with a global value of 0.05; this indicates that the probability of a negative result corresponds to a individual without CD is 20 times higher than to an affected patient.
It is already known that the presence of specific HLA haplotypes constitutes the strongest genetic determinant of CD risk. It has been estimated that HLA-DQ2 and HLA-DQ8 heterodimers are present, respectively, in 90-95% and 5-10% of the patients affected with CD (10,11), so it is tempted to hypothesize that CD diagnosis is very unlikely in the absence of such alleles. On the other hand, and as previously outlined, sensitivity of serologic tests may be significantly lower in those cases with mild intestinal damage, in adult population, and in patients under gluten-free diet (12) (13) (14) .
In this sense, one of the strengths of the HLA-DQ2/DQ8 analysis lies on the absence of the bias treatment paradox, as its determination does not change before or after gluten-free diet; moreover, it is not an observer-dependent technique. In addition, the result of the test does not vary during lifetime, neither with disease severity. The HLA-DQ2/DQ8 determination has not been used in routine clinical practice due to its low specificity, high cost and low accessibility; however, as it is increasingly accessible, it becomes necessary to specifically evaluate its potential use in the clinical setting.
From the 967 selected articles in this systematic review, only six of the 83 references that were classified as potentially included, were finally included in the meta-analysis.
Most of the excluded studies, including some case series, in this review had a high methodological quality, but did not accomplish the inclusion criteria and, consequently, they were not useful for the aim of our study; most of them did not use the index test (HLA determination) as the first step in the screening of CD. Other reasons to exclude studies were not using biopsy as the gold standard or biopsy only in those cases with a positive serologic test, making it impossible to obtain the data for calculate our output variables.
The 6 studies included in the present meta-analysis comprise more than 1,300
individuals. All of them were cross-sectional studies carried out in Europe (CD predominantly occurs in people of European origin) and published between 2006 and 2013. Two studies included paediatric patients (19, 23) , whereas the remaining four evaluated mainly adult population (8, (20) (21) (22) . Female population was slightly predominant in all except in the Santaolalla et al. study (22) ; the objective of this last study was not directly related with our endpoint, but it reported the variables needed for our study and it confirmed the high sensitivity and high negative predictive value of HLA testing. The other included studies agreed in recommending HLA typing to rule out CD in their study populations. As all of the aforementioned studies are European, we can assume an adequate validity when extrapolating these results in Europe and countries with predominantly European ancestors. In this sense, those studies showing higher frequencies of HLA-DQ2 and DQ8 negative CD patients (up to 9%) have been performed in Latin-American populations (25, 26) . The absence of HLA-DQ2 and DQ8
should be, therefore, carefully interpreted in non-Caucasian populations in terms of CD screening.
The present meta-analysis -including studies that agree in the high negative predictive value of the HLA-DQ2 and HLA-DQ8 analysis-demonstrates a very low negative LR of this determination; it means that an individual with a negative result in HLA-DQ2 or DQ8 analysis is unlikely to present the disease. Values of included studies have demonstrated to be homogenous, and close to 0 in all the included studies, which holds up a convincing diagnostic evidence. As previously mentioned, its global value of 0.05 indicates that the probability of a negative result corresponds to an individual without CD is 20 times higher than to a person with the disease.
On the other hand, a high variability exists in the positive LR values and specificity data; this fact seems to be related to the heterogeneity of the analysed population in each study. Therefore, we performed a subgroup analysis in order to minimize the patient selection bias frequently found in systematic reviews. The subgroups were formed as follows: The first one included Hadithi et al. (8) and Fernández-Bañares et al. Although additional studies are needed to dissipate the doubts concerning the natural history of the disease -specially in adult patients-and therefore the real importance of the available diagnostic tools in CD, we can conclude that, due to its great sensitivity and low negative LR, HLA-DQ2/DQ8 determination would be an appropriate test for ruling out CD in the general population suffering related symptoms, and even more in at risk population. 
